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ABSTRACT

Explosives safety distances for storage of thas 45,000b. of highexplosives irearth-
coveredmagazines is controlled e safedebris distance (1250 ft). The Marine Corps Base,
KaneoheHawaii requires storage of 2500 Ib. reét explosive weigh{NEW) at a site witHess
than 1250 ft of safe distance in all directions. Since the safe pressure distance fir Z5005
ft. to the front andside (K35)and 340 ft to the regiK25), the safe distanc&om the ready
service magazinean besignificantly reduced if thedebris distance is controlled. The Naval
Facilities Engineering ServicEenter(NFESC) wastasked to develop a readyagazinethat
would reduce the safe debris distance to less than 750 ft. to the side and rear.

Nonpropagation walls were designeding HighPerformance Mgazine methodology, to
reduce themaximumcredible event (MCE) to 50b. Analytical methodsvere then used to
determine the safe distance for hazardbetsris (1 critical fragment per 600 sq. ft.). The safe
distance was determined to be less than the 750 ft required for safe siting.

This paper shows the modular earth-covered magazine concejbtedrasis for reducing
the explosives safety distances.

1.0 INTRODUCTION

1.1 BACKGROUND

Activities atthe Naval Air Station, Barbers PointHawaii are being transferred to the
Marine Corps Base, Kaneohdawaii (MCBH). Operational requirementan be best met at
MCBH if 2500 Ib. ofordnance can be stored near the Combat Airti@dding Area (CALA).
Storage of 2500 INEW normally requires aafe inhabitedbuilding distance (IBD) of 1250 ft.
Since a safe inhabitedbuilding distance of 1250 ft is not available nélae CALA, NFESC was
tasked by the Pacific Division dhe Naval Facilities Engineering Command to devetigsign
criteria for a ready serviceagazinethat could store 2500b. NEW within the available safe
distance (approximately 1250 ft to the front and 700 ft. tesitheand rear of the earth covered
readymagazine). The desired explosiveafety inhabitedbuilding distance (IBD) andublic
traffic route (PTR) distance for the ready magazine is shown in Figure 1.
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1.2 SCOPE

This papersummarizeshe planning factors, explosivesiting criteria, architectural &
structural requirements, and conceptdakign of a modulaready magazine withreduced
explosivessafety distance requirements for short term storage of B50&t Explosive Weight
of specific ordnance. The compldasis of Design isontained in NavakFacilities Engineering
ServiceCenter Technical RepofR-2056-SHR“Basis of Design - ModularReady Magzine,
Marine Corps Base, Kaneohe, HI” by J. Tancreto, K. Hager, and P. VPageHueneme, CA,
April 1996.

2.0 PLANNING FACTORS

2.1 FACILITY AND FUNCTION

The MCBH ready magazine e&arth covered, ashown in Figures 2, 8nd 4, andiesigned
to safely store the inventory of weapons described in section 2.3. In order to provide safety to
inhabited buildings at site distances of I#sn the required 1250 ft. (réAVSEA OP-5) from
the readymagazinethe debris hazard must be mitigatedd the safelebris distance must be
reduced. Thenagazine design includes nonpropagatoiding walls toreduce theMaximum
Credible Event (MCE). Four interior walls are used, as shown in Figures 2 and 3, to provide five
storage cells.Because of the modular design, which may be modified to pravigenumber of
cells each storing up to 500 Ib. Net Explosive Weight (NEW), the magazine will be referred to as
a Modular Ready Magazine (MRM).

The size and number of storage celére chosen to meet the operational requirements of
the users. Planning factors used in determining the magazine dimesrgpnsvided in sections
2.2 and 2.3.

2.2 OPERATIONAL REQUIREMENTS

2.2.1 Storage Quantity Requirementsin order to satisfy the storage requirements for the type
and quantity of weaponissted in paragraph 2.3, PACNAVFACENGCORKNhd NAS Barbers
Point provided the following storage quantities:

- at least 500 Ib. NEW per storage cell

- at least 5 storage cells (for storing at least 5 trailers of MK46 Torpedo’s @ 400 Ib.

NEW per trailer)

2.2.2 Handling Equipment. The individual storage cells must bapable ofstoring a loaded
AERO 51 trailer. The AERO 51 is a towed transport velgolesisting of arautomotive-type
chassisand a flat deck bodyThe chassis has two axlaad foursingle wheels with pneumatic
tires. Critical trailer dimensions are given in Table 1. A loaded trailer, withhaas500b. HE

of any of the weaponksted in 2.3.1will have aheightbetween the deck and the top of the
weapon of less than 6.5 ft.



Table 1. AERO 51 Physical Characteristics

Length (stored position with drawbar): 138 in.
Width: 84in.
Height (bed to deck): 32in.
Height (with drawbar in stored position) 94 in.
Track: 72in.
Wheel base: 89 in.
Ground Clearance 8in.
Weight (approx.): 2900 Ib.
Capacity: 8500 Ib.

2.3 WEAPON STORAGE

2.3.1 Weapon Type and Description.The following weapons will be stored in the MRM:

MK50 Torpedo

MK46 Torpedo (MK103 warhead)
GM Tactical, Harpoon Missile
GM Tactical, Maverick

Bomb GP, MK82

Bomb GP, MK83

Bomb, Rockeye MK20

GM Tactical, Penguin

Sonobuoy HE, SSQ-110

©COoNOO~WNPE

These are the only weapons currently considered for storalge MCBH Modular Ready
Magazine. Mosbther weaponsvould qualify forsafe storage ithe MRM. However,each
additional weapon must be reviewed for special damar acceptor characteristics befbring
added.

2.3.2 Weapon Quantity and_ocation. The maximunNEW in any storageell shall be 500

Ib. The height of the weapons istorage mushot exceed 6.5 ft. (deck toighest point of

weapon). The 7 ft. nonpropagatiovall will therefore preventine of sightfragment paths

between the weapons stored in adjacent ce8torage of 500 IINEW of the weapons in 2.2.1,
on an AERO 51 trailer (see 2.2.2), will meet this height requirement.

The calculation of donor loads from an accidental explosion of IBOGassumes a
reasonable separation between the weapons anaathe(i.e. a center of gravity afhe total
NEW from all weapons in an individual cell of at least 3rtim the nonpropagation wall). This
will easily be achieved by keepingranimum 1.5’ standoff between the walhd any weapon
surface.



2.3.3 Storage Compatibility Groups. Since the nonpropagationwalls provide physical
separation and prevent sympathetic detonation betweks) they will provide adequate
separation between the weapdisted in 2.3.1that are innoncompatible storage groups. The
weapons in 2.3.1 must comply withe hazardcompatibility group requirements &fAVSEA
OP-5 for storage in amdividual cell. However, noncompatible weapons maysh®ed in
adjacent cells. The Harpoontiee only weaporthatmay not be storedith other weapons in a
single cell. It must be stored in a separate cell.

2.3.4 Special Considerations.All weapons are HERO safe. Thembswill be unfused in
MRM storage. Maverick&and MK50 Torpedoesare directedenergy weapons. They must
therefore be stored so that ttheection of theexplosioneffects is awayrom adjacent weapons
storage bays (i.e. directed towards backwall or door). Thheisatural direction atorage in
the MRM (weapon axis of symmetry parallel tbe magazine nonpropagation walls). It is
normally recommended that directed energy weapons be faced toward an earthviedffeed.
the backwall ofthe MRM) to allow the reinforced concret@all and earthberm to mitigate the
directed energy effects. Since the front of the MRM faces the bay, it would be acceptable for the
directed energy weapons to face either the door or backwall of the MRM.

The Rockeydombletsarealsodirected energy explosives. Howevkey are too small to
breach thenonpropagatiorwall (and cause sympathetic detonation). The orientation of the
Rockeye is therefore not critical.

3.0 SITING

3.1 SITE PLAN

The Modular Ready &yjazine (MRM) will be located at theMarine Corps Base, Kaneohe,
Hawaii (MCBH). The explosivesafetysiting plan is shown in Figure for inhabitedbuilding
distance (IBD) and public traffic route (PTR) distance. Tihal site plan must providsafe
separation distances from the MRM to all existing facilities and public transport routes at MCBH,
in accordance with safe distance criteria in NAVSEA OP-5 and this design criteria.

3.2 MAXIMUM CREDIBLE EVENT

3.2.1 Explosion Hazard. The quantity of Class Division 1 explosivestored in each 10 ft x
15 ft. storagecell is limited to 500 Ib. Théotal storage capacity adhe MRM, with 5 cells, is
2500 Ib. Sincethe nonpropagatiomwall will prevent sympathetic detonation betwesslls, the
Maximum Credible Event (MCE) will be 500 Ib.

3.2.2 Fire Hazard. A mishap could lead to a fire in a cell. Givere venting that would be
provided bythe dooropenings (which would fail fronthe pressure produced infiee) and the
separation provided by thnpropagation walls, it is unliketyat the heatrom theburning of
500 Ib. of HE in a donor cell could cookoff the weapons in an adjacent cell. However, if enough



heating did occur to cause cookoff in the donor or an acceellat is unlikelythat the cookoff
would occursimultaneously in moréhan onecell. The nonpropagation wall woufitevent the
resulting detonation in oneell from propagating t@ther cells. Weapons in adjacertells
would be dispersed, and the MCE would be the Class 1, Division 1 explosives stgaggy in
one cell (500 Ib.).

3.3 EXPLOSIVES SAFETY QUANTITY-DISTANCE REQUIREMENTS

The explosivesafety distances thaomply with USNexplosivessafety regulations for
safe siting of the Modular Ready Mgazineare covered irthis section. InhabitedBuilding
Distance (IBD), Public Traffic Route (PTR) distance and safe distancadiedd facilities are
shown. The safe distances are based on the requiremeNBUSEA OP-5 and thecalculations
in NFESC TR-2056-SHR.

The default safe distance for storage of 2500 Ib. in an earth-covered magazine is 1250 ft for
IBD. PTR is 60% of IBD. IBD is chosen tlimit the peak incident shock overpressure to 1.2
psi and the fragments (and debris) to 1 hazardous fragment per 600 sf. Calculations may be used
to showthat a specific Potential Explosiite (PES), such athe MRM, provides this level of
safetywith the use ofdesignfeatures tamitigate blasteffects. Sections 4.0 (Architectural) and
5.0 (Structural) of thidesigncriteria detail the requirements fonitigating the safedebris
distance (the critical hazard).

The folowing safe distances are based on a MCE of I6QQhe calculations inNFESC
TR-2056-SHR, and NAVSEA OP-5 requirements.

3.3.1 IBD and PTR. The safe Inhabited BuildinBistance is the greatest distancendich
either (1) the peakide-on overpressure is Ip&i (about 40 W3 = 320 ft, for W = 500b.) or
(2) the hazardous debris density is 1 per 600 sf. FoEN#bsives Weights (NEW'’s) leskan
30,000 Ib. inside atructure, the safdebris distance controls IBD. The safe debris distance
default value for NEW'’s less than 30,000 Ib. is 1250 ft.

By reducingthe MCE to 500b., andwith the designrequirements in this criteriéhe safe
IBD for debris is shown to be letisan 700 ft. to thesideand rear of thaMRM. Although the
calculations shown in TR-2056-SHR justify safe distance of 500 ft.,, an IBD of 700 is
recommended to the side andear of the MRM. Because of thprimary fragmentand door
debris hazardthe safe distance to the front of thegazine igshe default valugin NAVSEA
OP-5) of 1250t. within + 60° from the front direction. PTR is 60% of théBD values (420
ft. and 750 ft. respectively). Figure 1 shows the IBD and PTR for the Modular Readyiivag
The side and rear safe distances are very conservative and will allowvsormagon in design
parameters if modifications are necessary.

3.3.2 Safe Distances to Airfield=acilities. Safe distances between tNRRM and combat
Aircraft Parking or Helipadshall bebased on 6W?*. For W = 500 Ib(the applicable Wrom
the MRM) the safe distance to Combat Aircréfarking or Helipads is 48. However, the
weapons on the aircraftould controlthe safe distance. The maximum NEWmust be
determined for parked aircraft and used to establish safe distance requireamertkee aircraft
to the MRM. Lines shall bepainted on the AircrafParking area or Helipad to show the
allowable parking areas.



Runways and taxiways us&ushly by the DOD do not have a safe distance requirement
from the MRM. Safe distances to public recreatioaatas, in the opemmust be at PTR
distance. When structuraacludingbleachers, are a part thfis area,IBD must be used. Also
seeNAVSEA OP-5 Table 7-29 for facilitieaot listed here. Wherusing NAVSEAOP-5, the
PTR and IBDshown in 3.2.1and Figure 1, may be used rather than the defaalties in
NAVSEA OP-5. If intermagazine distance or intraline distandcbdadasis for safe separation,
use 500 Ib. for W (the MCE in Ib.).

4.0 ARCHITECTURAL

4.1 GENERAL

The Modular Ready klgazine (MRM) is ararth-covered reinforced concrete structure
with nonpropagation wall§NPW'’s) dividing the floor areainto separatecells (or modules).
Each cell has a roll-up door to allow access for an ordnance trailer with weapons.

The MRM being designed for MCBH uses five cells, storing up to 500 Ib. of Class 1,
Division 1 explosive ineachcell, for a Net Explosive Weight (NEW) of 250B8. Since the
NPW’s prevent sympathetic detonation, tMaximum CredibleEvent (MCE) is 50db. This
magazinecan bemodified by addingany number ofcells, in a singlerow, to increase (or
decrease) the NEW while keeping the MCE at 500 Ib. Architectural requirements in this section
are needed to contraolesign blast loadgrevent sympathetic detonation of the acceptors, and
limit the explosives safety distances to those shown in Section 3.0.

Since the current magazine design is conservative for mek&rgafe InhabiteBuilding
Distance (IBD) of 700’ tadhe rear andide ofthe magazine, some changestire magazine
dimensionsare possible. Howeverall changes must be proposadd considered concurrently
(by PACNAVFACENGCOM and NFESC) to properly evaluate the consequences.

4.2 PLAN AND ELEVATION

4.2.1 Floor Plan. The floor plan, chosen to satidfiye planningfactors in Section 2.0, shown
in Figure 2. Minimum floor dimensionare shown. Dimensionsnd thefloor areamay be
increased without affectinthe explosives safety. The overall width thife magazine is also
affected by the requirement for a 3 ft. minimum thickness nonpropagation wall.

4.2.2 Elevations. Sections througtihe magazineare shown in Figures 3 and 4. The 12 ft.
minimum ceiling height helps mitigate internal design shock and gas pressure loads. The roof and
floor shall be sloped for drainage.



4.3 REINFORCED CONCRETE STRUCTURAL ELEMENTS

The magazine flooexternalwalls, and roofshall be normal weighteinforced concrete
(f <= 3000 psi). The magazistructureshall be designefbr theloads specified in Section 6.0.
The magazine roof must be at least 8” thick to satisfyassumptions made in calculatisgfe
debris throw distances (TR-2056-SHR). A thicker roof is acceptable, since a heavieoutubf
reduce the debris throw. NFESC must review and approve a roof design which ugeml&ss
thickness of reinforced concrete.

4.4 NONPROPAGATION WALL

The nonpropagation wall, shown in Figures 2n8 4,shall be 7t. high (from the deck)
and 3 ft. thick. Itshall be 15ft. long (the distance between the front and rear walls of the
magazine). The Bpace above theall allows gagressures to quickly disperse throughout the
entiremagazine. Thiseduces thénternal loads which (1¢reate thedebris hazard at IBD and
(2) develop thampulse and momentum inthe nonpropagatiorwall debris which impacts the
acceptors.

4.5 COATINGS AND COVERINGS

4.5.1 Special Coatings An explosion irthe confined space of thmagazinewill produces hot
gaseghat may causeignition and rapid burning of coatings on intergurfaces of the structure.
The long durationgasoverpressures associated with rapidning of coatingsan increase the
design gas pressure loads. Therefore, the interior surfatesmbgazine wallsindceiling shall
not be coated.

4.5.2 Floors The floors ofthe magazine shall beonabsorbent and waterproof to prevent
seepage of water anoisture fromthe underlying ground. Floors shall be sloped to provide
adequatedrainage andhall not have lowspotsthat permit water accumulation. There is no

requirement for conductive floors in the magazine.

45.3 Waterproofing The magazine shall bsaterproof. Waterproofing detailshall be
designed for a 50 yr. life. Interior joints may be sedlatlthe sealanshall be nonflammable
when exposed to the hot gases from a fire or explosion.

4.6 DOORS

Double leaf steel doors shall be used at the entrance of each cell. The doors must provide
a clearopening of at least fi. in width and 10 ft. inheight foraccess by th&andling trailer.
The maximum weight ofhe doors shall be 10 psf.All metal doors shall beonnected to the
secondary grounding system.



4.7 EARTH BERM

The magazine has an earth cover, with a minimum thickness of 2 ft., and an earth berm
behind the two sidewalls and the backwall. The earth berm reduces explosives safety distances
and protects the contents from accidental explosions at other potential explosive sites. The earth
berm must have a slope of not less than 3:2, as shown in Figures 3 and 4. The fill material must
meet the requirements of NAVSEA OP-5, paragraph 8-2.5.5.

5.0 STRUCTURAL

5.1 GENERAL

The Modular Ready Bgazine (MRM) shall be designéar normalbuilding codeloads
(e.g. retaining wall loads fromarthberm, seismic loadgarth cover deatbad on roof, trailer
loads on floor, etc.). There is no requirement for the A&HBeasignany part of the structure for
blast loads. The structur@ncluding the nonpropagation wallwill fail during a Maximum
Credible Event. The dimension and material requirementsthis designcriteria (especially
Sections 4.@&nd 5.0) willprevent sympathetic detonation between storals, and control the
explosion effects and safe distances.

Normal weightreinforced concretaith a 4000psi minimumcompressive strengthall
be used for the exteriovalls, roof, parapetfloor, foundation, anavingwalls of theMRM. The
nonpropagatiorwalls will use lightweight reinforced concrete<(115 pcf dry densitywith a
maximum compressive strength of 3000 psi.

The design gasnd shockloads used to calculatine explosive safety distances (for
pressure and debris) Bection 3.0and todesignthe nonpropagationwall are shown inNFESC
TR-2056-SHR. Sections 4anhd 5.0 provide theninimumrequirements for th&IRM design to
satisfy the assumptions used the calculations. If theseninimum requirements arsatisfied
then the MRM will limit the MCE to 500 Itand maintairithe explosivessafety distanceshown
in Section 3.0.

5.2 NONPROPAGATION WALL

The nonpropagatiomall (NPW) is shown in Figures 2, &nd 4. Its cross-section is
shown in Figure 5. Itis a sand filled wall with lightweight reinforcedcrete containmentalls.
The NPW reduces thelast effects on acceptanunitions to below threshold values for
sympathetic detonation.

The mass othe NPWstopsall primary fragmentsand reduces thkinetic energy loads
on acceptors. Thgranularfill flows around the acceptofseducing load couplingjather than
rigidly loading them witithe entirewall momentum. The lightweighttoncrete exterior surface
reducesinitial peak impactioads onthe acceptors to prevent shock to detonatransition
(SDT). By reducing acceptor loads and structural damagehe criteria for preventing
sympathetic detonation are satisfied.



The lightweightreinforced concrete surfacesust be designed to contdine sand fill.
Internal ties may be used to support the extevais. No blastesistantdesign isrequired. See
NFESC TR-2056-SHRor alternatedesignconcepts which use materiasher thanlightweight
reinforced concrete to contain the sand.

5.2.1 Lightweight Concrete. The lightweightconcrete containmemtalls mustnot exceed 4
inches in thickness for dry densities between 100 and 115 pcbéstien C-CFigure5). If the
lightweight concrete drydensity is less than or equal to 100 pcf, then the reinforced concrete
wall thicknesscan be no greater thaniiches.  Thdightweight concrete 28 dagompressive
strength shall be 3000 psi.

5.2.2 Steel Reinforcement. The steel reinforcememtreashould bekept to theminimum for
meeting ACI building code requirements. The ties, between containmaeaifs, should be
protected against corrosion. The size of reinforcing steel should be<k&Btin diameter. The
ties should be steel or nonmetallic straps with little compressive load capacity.

5.2.3 Sand. The sandshall be paced without compaction. Theominal density shall be 100
pcf.

5.3 MAGAZINE FLOOR, FOUNDATION, ROOF & WALLS

The magazine floor, foundation, roognd externalwalls shall be normal weight
reinforced concrete Design loads wilinclude normalkdead andive loadsandwill include the
earth berm loads on the roof and walls and the trailer loads on the floor. No blast rdsssgent
is required. Theminimum thickness ofthe reinforced concrete roshall be 8” (to obtain the
minimum mass used in debris distance calculations).

5.4 MAGAZINE DOORS

The steel magazine doosball have aweight of nogreater than 1(sf to allow quick
venting of internalgaspressures in the event of an accideetgtlosion. The purpose of the
magazine door is to seal the magazine against the weather and to provide physical security. There
are no blast design load requirements.
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